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Nato omany years have passed since the Advanced Nations 
began to be concerned with the cancenpt of productivity and 
pe Creation oF methads for 1ts increase. THls was ie 
sary after the warning of the Burean of Labor Statistics 
Wiese measurements indicated that preductivity was Ce Nie 
any at an alarming rate. Table I displays current data from 


the Bureau mf Lahar Statistics oan the rate af growth 


ie 


productivity. Examination of Table I suggests a small per- 
SCenbage wf ancrease if productivity for three countries 
during the decade af 70'*%s, while remaining countries suffered 
Meeatced im oroductivity. In the beginning af the decade uf 
80's all the mentioned countries demonstrated a decrease in 
Breaker ivity which Pont stabilized emauld prave to be sigq- 
Perveams Giring the coming decade. CRef. l:p. S&S] 

Stopping this decline in praductivity will mot be easy. 
irs t the cancept of praductivity must be clearj; indeed the 
term itself has never really Rad a tuniversally accepted 
defiritior. Second, in order to improve productivity, Same 
haw productivity must be measured. This implied eapability 
to measure and adjudge praductivity, a cemcept which itself 
is unclear, is definitely easier said than dane. The area af 
praductivity improvement 1s receiving unprecedented attention 


these days, largely due to the fact that it i185 ane of 
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the mast effective weapons against Lit Lae 1 cit. Researchers, 
ESCIriIMLSsts, industrial engineers, manufacturing engineers, 
statisticians, managers af all types and from all sizes of 


marganizatians, arid many mathers have been paying more atten- 
Fican ta the cancept of praductivity impravemert, but a care- 
ful amalysis, as shawn in Figttre 1.1, Will show that this is 
anly one part af the preaductivity cycle. This eyelet. 
praductivity is an orn-going process for any arganizatian 
which has a Productivity program and, ance set in mation, 
Keeps repeating itself. The first step of the FPraductivity 
cycle 18S productivity measurement, followed by evaluatinn, 


planning, and finally impravemernt. CRef. &:p. 10] 
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Emphasizing the need for praductivity inmpravement, this 
thesis provides straightforward descriptions af the most 
traditicanal industrial engineering methods for measuring and 
Bien avirig prvachuctivity, im euch a way that the researchers 
and managers who are working in the warkshap af a Naval base 
have a gaond taal for organizing and impraving productivity in 
their area. 

To succeed all the above mentioned this thesis has seven 
chapters: 
Chapter I Patreadieo ren 
Chapter ITI Reviews definitions af praductivity and corn- 
trasts them with definitions asf organiza- 
tional effectiveness and quality of working 
life. 
Chapter III Analysis of the meaning of productivity ina 


military environment such as the Naval base. 
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Aproaaches for Measuring and Fvaluating Probar 
tivity wath emphascic Cas the woarth.schapemieeee 
Naval base. 

Presents a general prescaductivity mode lei 
car be adapted easily te the purpeses af the 
work shaps. 

Deseribes all the required factors for the ta- 
tal praductivity measurement model. 

Summarizes the major canclusiscns fram the 
preceding discussion toa develsaping A praduc- 


tivity measurement methoadalagy for wse air 


Naval base workshaps. 
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Ll. BARKGROQUND 


AV, PER INir PONS 

Preoductivaty ais a subject that everyone has entuanntered 
Preane fori or arnntbher, but the exact meaning af the term 13 
Seren badly canfused. This section will refer ta same of 
Mie Masse Chunar definitigms af pradmuectivity and help clarify 
Lhe cancept by cantrasting it with two related erie cone Gace = 
mapganmizaticonal effectiveness and quality of working life. 
Productivity may be defined simply as a relationship of eonut- 
ee yo LMmput, mor the caomparisan af an input used ina 


brmeceses, such as manvhours of labor, units of capital, quan- 


ity wmf raw material, with the consequent SHEL Iai 
Someonecivitcy” is often confused with "Rraducticn”. Price] ict 
Fion ais only the numerator of the Praductivity ratic. The 


inputs that went inte the pracess are not cansidered. 
i. The Ecounomist’s View 
Aceording ta a leading praductivity ecanamist, CRef. 
il fohe yes 7-8] Productivity 1s the relaticnship between sutput 
arid its associated inputs when the oantput and ainputs are 
expressed in real terms. This definition can be depicted as 


the ratiaz 


iG lie 





Praductivity = 
Inputs 


This definition is develaped from preduction theary which 


at Qaniot = Ban explain The prucess by Which troiGs Gi ae 


qanizgation are transformed anita prmqucts shaw i F i Gee 
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Figure 2.1 General Praductivity Cancept 


The basic preducticn functicn states that the 
Volume of output (Q) is a function (F) of the valume af the 


basic productive factars. These are labor (LL), capital (HK), 
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Inkermedciate tet MT eis set Pron mtiticm farmas (% il eS 
ieyel wot preductive efficiency which changes over Gime (7T). 


eemner (ins (0.09 1) 


ivyeweoally, SeOveiet tome Tanet im has the farm  shrawr 


ave Pigure c.f when only ome input variable is present. FP ricin 
moles PunCT ior ome Car derive such preaductivity indices as 


Peo Praguctivity = O/L, Selenite t yyy Gy. = CY. etc. 
LF all anputs are included in the denominator af the eat Lim 
we have what Pomc alled a millti-facter’ or “total Pe Gait 


Mereauweck iyi Gy rat lid 
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Figure 2.2 Typical Production Function 
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2. |e bois 
The engineer’s definitiscn wt  praditetivity cian 
fram that of the ecaomeomist Cref., lps Beatie Canceptually, 
fhe engineering approaach te praductivity grows art of the 
Aoshi file 2ngineering eSexpressian for the efficiency of the 


ira Gels 


LJeseafurl Wark 





ETPiciency = 
Energy 


Thus, Since sutput Cuseful wark) is a result af input Cenergy 
aupplied) im the physical cense, the engineer’s ratica carr 
im greater than unity. Comsidering praductivity as basically 
synonymous with efficiency, the engineering approach leads ta 
three derfinieias wr IpMEgiGt iyi te. 
ee Generation of useful ontput from input 
Useful mutput 


(ee ) 
Liraoeee 


ees Efficiency af lnpue weal sae 


Effective input 





( ) 


Actual input 


RAethal mut put 





oye OG pitt aie Geel eerie ) 


Paatential autput 
3. The Accountant’ s View 
Accountants concern themselves with the financial 
oerformance asf oarganizatians. The “teoals”" for ficnl Fae 


financial performance in organizations are financial ratins. 
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Pats ward are the fablow1ing; 
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Prafit/Capital Employed 


c's Frafit/Sales 


a: 


Ae Sales/Capital Employed 
A Sales/Fixed Assets 
Sis Salee/Stacks 
i Sales/timplayee 
hs Fremfit/Emoloayee 
wince these are sales-hased ratias they have less ta da with 
ieee Glan Shriciency and mare ta da with factors iin the 
narketplace. Therefore, they may be misleading if ainter- 


preted as preductivity measures. CRef. lspp. 9-10] 


4 Ihe Industrial Organizational Psyehalagist’s View 
The eancerr af the industrial/organizaticonal 
psychologist 1S With investigating human behavier in 
meganilzations, Sree 1 V iG ye defined as mubput/input, is a 


"yesuits'" ariented variable that is partially a function of 
behavircr, but is alsa affected by ather extranemus aspects 
nF the work environment. Thus, aS a Criterion against which 
fo judge the impact of varicus attempts ta madify human be= 
havior 1% organizations, praductivity has not pravern as wuse- 
Fil as criteria which are defined in terms or worker 


wemaviot. CRef. il:zpp. Li-icd 
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nurs The Manager’ 5s View 
In the United States the managers have a broad view 
ole the meaning fen Bie Le Gey vt ve During a Survey tee 


graups af managers, Chief Executive Officers (CEOs) ance. 


dusbrial Relation Officers (ITROs), appraximnately €,430 queas- 


tTigmmarres were mailed te CEOs and GSO tno IRQs. Ir the 
‘SLUT SEB y managers were asked tu indicate their agreement ar 


Giesagreement with a number af possible statements cancerninn 


Che Mearii rity ay Speier 7 it ve The results are summarized in 
eu eae 


Raseq an these responses, it appears that most of 
the managers polled would find either the eccanmamist’s aor 
engineer’s definition of pradmetivity ta Be tien een 
[Ref. 13 ppg) OSes) 


Ei Effectiveness and Praductivity 


The dis aie i lian between effectiveness and 
preaductivity remains canfused. Im attempting tc Cian 
bas ralaticnship there appear ta be three viewpoints 


expressed in the literature: 


dive praductivity as a dimensian af the breader cancept af 
effectiveness. 


‘oa productivity as a Dread carncept which encompasses bath 
efficiency and effectiveness. 


Se productivity and effectiveness as being separate but 
related concepts. 
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Productivity definition includes: “s 


LA 


Guality as well as quantity 
Dutput per manhaur im one 
camobany cor organizat ior 
Overall efficiency and 
effectiveness of the oaperatican 
Disruptions, “shrinkage, " 

csabatage and other troubles even 

if they are difficult ta measure 
Rate of absenteeism and turrnaver 

as well as antout 

Custeamer ar elient satisfaction 
Employee loyalty, moarale, or job 
satisfaction 

Ratio of output te input by industry 
amr sector af the ecanamy, but rot by 


individual organization 
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Agreeing 
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he aa ettee = - - toc - =. me Seed cw = 77>. ¢ eee << = = i 
ye Tee ie ie Tal ate secsbiar 34: tii 1 |) eee 


(as Suggested earlier) as - eS; ee es ee tc) ca On Gr iti int 
RVIPUG This definition is deceptively cimple, however. Dis- 
agreenents Still meer over any ~ 9S We ees 2) be ae | Sie’ 
ects prssrhle to measure praductivity? How da you take 
ibe acemiunmk the variety af tasks within one jab? Hive Can 


YOu separate the contributions of Staff Mars from 206 ie ee 
purs such as ctapital investment? 

Irn the public sector, the definition of priidite@ta aan. 
AMCIMNOasses GCwo components, efficiency and effectiveness. 
[Fficiency measuremerts assess the enst per unit of output. 
Usually quantitative in nature, efficiency measures typi 


cally use staff hours as the hasis for input measires and 


quantity produced as mutput measures. Amare saphisticated, 


HUES More Gilt th rele input measurement 1S tatal rescaurce 
eaxpenditures, which may aunelude energy use, capital, 


invectment, depreciation, mvyerhead and ather cantributioans 
ios S 

This, efficiency 16S usually thought of in terms of a 
ratic that reflects a comparisan of Same aspect af unit per- 
formance to the casts incurred for that performance ard ef- 
fFectiveness is defined as the degree ta which an organization 
achieves its goals. CRef. l:ipp. 15-17] 

7 Quality of Werking Lifewand eerie ey 
Quality of working life 1s a concept which has al- 


mst as many definitions as worganizaticonal effectiveness. 
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Otis of Ghent derines tne wQualitty of working life az follows: 
ava ret eee anee Oe SSaba bis emjaey a high quality of working 
life when he (a) has positive feelings tewards mis job and 
PGe een tthre prospec: &, (b) 1s mativated ta stay on the job 
and perform well, and (2) feels his working life Fits well 
with his private life to afford him a Gbalarice between the 
two in terms of his persanal values. CREF. S:pp. 69-70) 


Avrasthear definition, states: 


the quality of working life as a set with four elements: 
security, equity, individuation, and democracy. CRef. 4:pp. 
4} 


aCe ilPutent LY fen Sexplicitly, all af these apn- 


oeoanhes View quality of working life as enanceptually 
separate fram abjective mutcomes af the workplace such as 
Prmditeorivity. The carnelusion is that quality of working 
life and Piguet Vit ware Gmnmcentially distinct but com 
patible cuancepts. Mast would agree that preductivity im- 


oroavements frequently accampany impravements im quality af 
working life. The pracedures taken Dy organizations ta im- 
prave quality af working life may be very similar, cue 
identical, fo the preecedures required to imprave labar 
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III. PRODUCTIVITY PROBLEM IN THE NAVAL 
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Al, MAVAL BASES 

The maval Dace 15 a very camplex activity, whate malin 
task is Ea tlaintain the caembat capability af a ship at its 
haqgqhest level By performing carrective and preventive 
Maintenance. When the shins retuecn fram exercises ta the 


naval bases there are numerous Funetions ta be campleted 


such as fueling, anmunitiaqn receiving, Maintenance arid 
Incchinery repairing, electronic equipment and weapons SsyS- 


tens repalr. 

Therefore, each mnaval base 18S compased af different 
divisicans, each one specializing im the fulfillment af a 
certain task. The campenents af these divisions are 
wrk Shi s , stare heauses of spare parts, animiunitian supply, 
mieSile installations and fuel-tanks all af which are staffed 
and equipped toa fulfill the demands imposed by the jabs tu 
be performed. 

Figure 3.1 provides a graphical lack af the canstruction 
in a Naval base. Under the Commander af a Naval base there 
are five subsecticaons the combination af which camplete it’s 
task. The first one is the technical sectian the role af 
which is the repair of the ships in such a way 1s ta be mairn- 
tain combat capability at its highest level. Second, is the 


supply section. The mission af this secticnm 1s ta keep the 
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Figure 3.1 Typical Naval Hase Organizatinun 
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meucssar/ Stork wr spares, els St eae oo ee i oe ir? 
supply cr Che sii This seeticn must be beeps in ¢lmee aie 
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laboration with the warkshoanp section fier repair of nacniAery 
and @leectrical/electranic eouipment. Third, the field Sea ies 


has the cespoanmsibility of maintain sipoly wr all ieee 


fiierl and mad) “Cerna fuel, Mmazut, keraszene-ail, paral i iia 
ot 1S aad Qe the demks there are an adequate riuinber of pipes 


with apecrval canmectians fram which the ships can be supplied 
WL oaifferent types mf fuel wana aa The ammunition supply 
2ece par Fol lis, and has the role ta supply the ships with 
roe dpiPferment types of ammunition, But ait has also the neces- 
ZSary technictane and equipment ta repair shipboard armament. 
There® is also, anather sectian which 1s responsible far har- 
oor Facilities, such as the mavement ships fram one dock tn 
act her by tugs, etc. There are alsa, mther availahle 
farrilitieés such as the haspital which affers medical services 
fo the staff of the Naval base, etc. 
Since the complexity af madern warships 1S sa great, 

as stated by Grahlman [Ref. 7:p. 11], 

A raval vessel is a totally integrated weapon system where 

SOAaACe, weight and survivability are carefully balanced 

Taevenrs. 
arid becomes greater fram day ta day, the greater percentage 
mf nmaval base activities beleangs ta the workshaps. Each 
workshop can be expected ta undertake jabs an anly a spe~ 
Tialized area af a particular system, such as machining, 


electrical work, pipefitting, sheet metal work, etc. 


- aor 


Peoijer te on Shire ey te Temrical sectace .is mega sis. i 


(42° is beneral ee he pt Se SP 7k SS OL cris. (ke ie 


Peon AMG SeCthigm 1S rescpansiple far alleeating the avail- 
angle resaurces according ta Ship requirements. THE missin 


my the warkshiap section 1s to accomplish the different types 


Pee epairs bY SUpmarting the readiness af the ships and mirni-- 


feeeirit) the cast. The @lectrical energy section has its cer 
qeneraties and coampresacars Pon ss SLU ply the ships wai diy 
electricity and compressed air. The chemical laboratory 


Mhecks parte af the machines to perform the specificat wos 
art) Gtandards. The electrical/electronic section is resporn- 
Pele farm repairs or electrical Circuits, generatars and 
electranic equipmerit. a view) Wye. the design sectican divises 
HDlans form mea Canstruction and assesses ship system perfir- 
fence after modification. The jrubs range from a single 
rou ine PBpalr aperatian to an extensive full ship aeverhaul. 
There 15 negligible averlap in the area of specialization 
between asahops maf the same divisican. The workers af any 
workshop are often trained nat anly in certain specialized 
areas, Dut also for equipments for monly a certain type of 
Sil fp. There are workshops which demand that personnel have 
a high level of technical knowledge (e.g., electronics, 
weapans systems etc.) and ather workshops have less demands 


(e.g., boilers, Hipwwee etc. Wael Ref. Gepeg 81 
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Figure 3.2 Technical Seevi arnmeeroanrecar iran 
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There are two parties working simultanernusal y r 


daing differant but siamewhat related jobs, Mite Cities S211 bp’. S 
repair ain a naval base. The First ie the navel hase 


personnel, and the second 16 the ship" fsa 


if 


These two parties have their own responsibilities diuring 
§ =.= 


fhe ship's repair. Basically, the ship’s persarnnel hawe tine 


Peesrialbility mf coandweting training in order ta maintain 


the Slips’ 3 mperaticonal readiness while fulfilling the 
eciecdiuled activities af ship project network within the 


Bpecified tine Limits without causing any delay in the ac- 
tavities of the naval base persarnel. 

Na the other hand, The naval base pereannel have the 
regrmarnsibility tm accomplish the repair of the ship as effec- 
fiyvely as pussible this supparting the aperatianal readiness 
eeuine Snip and mirnimizing the tatal repair cast. 

Thus, three oar four manths before the start af the caver- 
haul preeess the management af the ship prepares the wark 
package and sends it ta the programming sectian af the naval 
Nase. 

Usually a pre-test and inspection is conducted jointly 

by the naval base perscnmnel and the ship’s ferce ta deter- 
pe 

mine the hull and machinery condition, define the repairs 

required and thus allowing them tm prepare a meru accurate 

work package. Finally the naval base scheduling affice, 

which is a subsection af the pragramming secticmn, creates 


the praject network based upon this package. 


ae Set ein anoint ont Gag lami yey ee 


is ae there 1 


tl 
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\budget, capital, agen) =) oe There se same rmecquiemd jist, 
which are not accepted by the raval Base. TREY GT cite these 


j2bs are undertaken by the snip’s Force. 
Qther Factors that may result in comflict between the 
maval nase and ship’s project neatweris are the following: 


ae The anformation flow between the ship and maval bhaee 
aancerning the material candition is mat cemplete, 


ae Sinee the naval hase persoarme) have mo access tm the 
Snip except ducing the pre-test and inspection per tiad, 
che work opackage is mften prepared under strict time 
ComstPVealtits 2470 ine estimated warks may nat be 
accurate as desired with new jab requirements after 
being added ta the existing nmetweark. 


. Additionally there are sane iiather factears such as 
illness maf the workers or same repair material and 
hele whieh are nat available when needed. 

mw, re Liricdss , MAIDA TT, worker? s Facilities, and materials 


required are nat determined early enctugh am with suffi- 
Llemt aocuracy. This, the resources carmnat be well 
developed in advance af overhaul. CRef. &:pp. 10-14) 
re STATEMENT Ge Sipe eROsLleEM 
ie 16 fact that there is a limited supply of a wide 
yarilety of resmurces: pecple, mechanical and electranic 
equipment, etc. Ir his natural environment man hae many 


reeds, which are satisfied by the usage af material = arid 


services that are called geoads. The majority ef yguads 
however, are rather scarce ard thus a fundamental prablem 
Faces the plarners af each naval base as ta how ta 


allacate/use available resources sa that the greatest mumber 


re the base’ s needs are met. ate Mare POESGMUIM CES are 


Pee hese Gi ite TuMcE cri, ee ee ee a) ee ee pe tT te 
Meter ateceGe, mnher Seryides$. (CRef. S:p0. 3-4] 


Success af any repair furetiaan in a naval base 16 hased 


eeaiiG Gerivrlaitimnm 8f Many preductive factors (Ce. q. Pri ri 
Pea tcT Mieciiiter yy, CONT lebitigs, etc. >% Thiitsy the Wain resocrn- 


sibrlity of persannel af the preagranming Sectian in a naval 
base is toa analyze and determine the priarity and duration 
mf @ach job in manchboures and tom determine the woarkshop tro 
Yolyed and the resources which are needed. iS ee ee naA— 


fei ts6 iWanally put iw an arraw diagram firm and car- 


Stitutes the whole plan mf work that must be done tm the 
ships during pericndic maintenance ar cverhaul. This plan 15 


Meced by the planners whoa must assign the resaurces required 
each day (labor, capital and physical means). CRef. Gipp. 9] 

The factar af labor in a naval base ineludes anly ships 
Force and civilian repair perscarnnel. When the activittes 
are a krown quantity then the facter af cearntributien of 
Lab«ar denends an the size af the labar farce. The size of 
this laber ferce can vary according tam the size «af acr 
tivities of the naval base. 

Capital includes all facilities such as machinery, Wet 
daecks, floating decks, cranes, Buildings, means of transpar- 
tation etc. that have been praduced by man and utilized in 


Eurr in the acenamplishment af ather services. 


OJ 


The physical means are licdes ab pene ieee Mas 
Wateritals. These are rot necesiarily fixer LT (liamnt ee 


"Raf. Sipp. 17-19] 


Since uncer rnarmal circumstantes mare than one ehi1g, ters 
fact wary ships, rei be present at tHe same fime far 


cai 
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ee Lr, Mary prajects have ta be dealt with simultanecuesly. 
Even though it may appear that the repairs are tindependant, 
there are many aunteracticoms between them because af the 
whiliagzabtion of ome type of rescurce for one of them reduces 
the avallability af that resaurce far the rest (cee. 
Dima jem iS Rese ec  eee It 15 therefore, Imperative that 
fhe available resaurces (warkers, equipment etc.) be used as 
efficiently as possible. 

Therefore, the mast sericus prablem that the planners 


me in a Naval base, is the allecatiaon ar available 


‘eZ 


fy 


resunurces (human foree, mechanical equipment ete.) acrase in: 
dividual raquirements (maintenance ete Ships, mverrail 


processes etc.). 
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Thig chapter counsiders various approaches to measuring 
Maval base workshop praduetivity. The purpose of Ene first 
tio intraductory sectians 165 to present a clear understanding 
mf the ennmcepts behind tne measures of prmeductivity Ghat are 
maed for analysis of its role in the workshops of a Naval 
Nae, oc im addittian to total Productivity measures relating 
Mont oc all ivpnts mused in praeducticon, mutput may alsa be 
celated separately tam each major class af input. In this 
chapter the meaning bath af tatal Productivity and af the 


spectrum of partial Productivity raticgs is presented. CRef. 


The follewing sections present a descriptian of a number 


mf basic censiderations ir arganizatianal measurement that 


should be used im analyzing productivity measurement 
approaches. Categories of measurement methods reviewed are 


efficiency measurement, and effectiveness measurement. Effec- 
tiveness and productivity may be examined from one of the 


follewing standpoints in the Organizaticon’s level. 


i Division 
- Section 
ea Branch 


aa 


Workshop 


(si 
Oy 


‘i thyr Si eau year? tbe 
developing and refining the ormntdures weed to measure work, 
Grandard methadminmgies, mnvalyvying Both direct and Ss \rvitliG ee 
maasguranant procedures such as Cime study, work sangl tric, 
ataridard data, predetermined time eystems, and physicloagical 


MEAG ES , are the measurement toacls available tm the epee 


Tj 


duetris)] engineer. The use of modern computer technalogy has 


changed and refined the traditicrnal measurement devices, 


bit the proacegures remain the same. CRef. 10:p. 1317 


FH, GENERAL MESSUREMENMT =bSsues 
ae Measurement Definition and Henefits 
Measurement 1s a pracess which involves assigning 
mumbers toa objects (le. repair machines, work ships, 


ltrvalwed), events ar attributes according ta specified rules 


Hy 


t 


mm pracedures. More precisely, a measurement aperatian is: 


a standardized rule that maps each of a set af sbjects intea 
one, and only ane, of a cet of categrzries ar numbers. ee ft. 
Ue) eed 

The cancept af standardizatinn 15 critical )Gi ee 
ME AsSurenernt prsacess and, im Ppractwee- means that different 
pecple whe apply the rule toa particular events and situaticans 
mbtairn very similar results. Thus, an organizational praduc- 
tivity measurement proacess is standardized if twa different 


arialysts assign the sane values ta the same owrganizatian at a 


Given paint im time. 
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Wee mf atarndardized organizabional measucenwent proce 


\ 
I 


dures affers many benefits ta natn res 


eae 
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Mepeee seteiaer, Stat faire 


mnogranmming section staff af a Naval base. Faecal numerical 


Values previded by measurement precedures allow reporting of 


resujte im finer detall and mare precisely than would be pas 

single with subjective descriptions. These mumerical indices 
a) sin permit Ics mf statistical analysis procedures. 
Seciarndly, measurement results facLrlitate communicatior — tyes-- 
40 


i Vsee €2 1 Meas Cm rtsriG dishicde stat trea and mthers Whe inf buerte ar 


are affected py the Naval base activities. [Ref. lipp. 31-32) 





ee Levels of Measurement 
The type af measurement maperatioan selected et 


& 
i 


developed is called measurement ecale and Jeperds on the at- 


tribute toa be measured and the purpose of measurement. Fine) 
wes ls ain neasureneant ee by Olean a, identified LY 


ecatisticians: Naminal, mardinal, interval and ratic., 


he ire rreminal seale “at measurement, mumbers are woed 
either as labels or asa means of separating workers, 
machines, or events inte different classes aor catega- 
ries. 

ae Ir ordinal scale of measuremerit, (hailey felt 


Neasurement are iardered fram smallest ta largest with 
respect to some attribute, (2) there 1s mea indicaticn 
af hew much «af the attribute the measurement abject 
passesses, and (3) referred ta measurements where only 
the comparisons "greater," "less," or “equal” between 
measurements are relevarit. 


GJ 


Interval scale of measurement procedures lead tam a rank 
erdering af mbjects af measurement with respect toa an 
attribute when the distance between objects are kroawn. 
For @xanmple, if the measured productivity in 1980 is 
selected as the arbitrary steroa-point or base year, 
ir cieiea ted S57 in successive years 16 expressed in 
Pelatiaon fo the 1380 value. 
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teristics of interval scale of meas ciety) 
Wert the rat ica ee a be lweear Ey MMA ats tle ieee crib ce i= 


meaningful. 


rt develmopirg and nterpret rig ME ASures. ae 
fay ageden| ine lea ol en ab Che level wf measurement produced by a pars 
Hadnlar measurement operation 165 Significant. If aA given 
Neasclowment wperalinn praduces only ordinal measurement and 


ratio anterpretations are attempted, they will lead Gal 


rah iri? lis Die ee eth 2 eer let 


oe THE ROLE OF THEMSURENMENT IN PRODUETIVITY ThMPReveneinan 


Pesmducticom tim a naval base is relative toa the par- 


sim 


LiciOating Perea ome ace Thus, Praaguctivitly Gale 
enaracterized as the measuring device af each individual 
Prisciieiha Ve hp etsaane. We can se8 that Praductivity 14 an 
Lilet ari ~ Gass ee because it can be ecromsidered as a repre- 
sentative indicator af the «averall efficiency of the naval 
nase, Thus, iF workshops of a Naval base increase the total 
VI.ine of production Cwerk output), that may or may nat rep- 
resent a praductivity improavement, depending an the resaurce 
riputs used in that increased praductican. When the planners 
mf oa naval base increase the wark autput af the workshaps 
with the same or fewer of productive factrors spent, then 
araductivity 1S improved. Productivity impravement will acy 
cnr if any af the follogegig Condit ians teaser 
Le Onutout increases and input decreases 


aes Qutput increases, but input remains canstant 


{J 
om 


es ante L PiCr re R08 AAT Pit Pile era. oat i 


rate 


A Gutput decreases and Rripuat decreased, fut at a muy 
rapid rate 


The praductive factors are usually m@asured in terms of 


Paso Pols Teaguiired Co proguce the asaceliated work cbhout. 
Pim ia 82 To he Fire Woe tGMm st ie productivity ~ ampre:. einerit 
dqestinabion, we mish hkrow where we have neen. Rafi wer cari 


be eure that mur actions have increased praiductivity, we have 
te Ge able Ga meagre Tne oureeant praductivity level. Merce, 
there are Cw fundamental aspects af productivity. 

Pieters ne 15 The eprmsaductivyity measurement and the 
Meer i The pragductivity approach and impreavemernt. pec 
Civily measuremeank can be viewed as an essential part of the 
Seo civaty apormach and inprovement pragram for the 
workehoos of a Naval base, HIWever, this term can be  cean- 
t.dgered ae the measurement of sutputs and inputs. Bele fineys 
mar we measure autouts of the workshops? Ky the anmcunt oof 
time spent by the staff in productive effort? Ships ¢erved 
Meee a Fime period? This prablem arises fram the fact 
that we dar’t know what the cutput units are. fee nes Asn Lee 
Mmlts are equivalent (e@.g., number of averhauled machines, ar 
tans of steel praduced), they car be measured as a simple 
count of units praduced. Farm axanple, a canvenient measure 
of output far ai worker may be the rnunber af machines 
repaired. If each machine is equivalent toa all athers, there 


ehatild be no prablem. If sa, the raw number af units 
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ce Che owt put wits fre resol eyQuivarent (a5 lr a Srila 


me ooverhanul facility), They, carmat easily Be  Conmted: arid 
therefare, The measurement meeds are mare oomplicated. Lr 


that case work measurement Cechnigues are Wsed Van Sc amare 


u 
eked 


Standard measures of work cutout. 
Ori Cin canine ye ieeiae the resaurces used in the praducticgn 


mP ombpwt are usually called inputs. The four resources mast 


Ganmaridey cansidered aS important imputs are: C1) .1) a baie eed 
(Joh) dete, (3) malerials, and (4) energy. Of these, labar is 


by far the most widely used although, as work becomes more 
and more automated, capital and energy become mare Lmoartarnt. 
ee the Weasticn as Aoaw we can measure theese  imput 
CHSILCT oes Ge lie fae eee | I 

Finer meaningful comparisan, Inmputs and cautputs must be om 
equivalent scales and the subecmponents of each must alldw 
agqgreqatioar. This ig ofter attempted By using Same manetary 
systems. Sirnee a before-and-after comparison 165 required 
tm evaluate any impravement procedure, measurement 165 crucial 
Go ormeductivity impravement. CRef. 14:pp.) Gea—Sac 

Generally, ene approach ta the measurement af proadiucy 
fivity is to develop a vector of measures which can be used 
to guide and monitor the efforts toward aimpreaving the 
workshops praductivity. This 15 very important in wnider— 
atanding the reason for the develapment af ai Praductivity 


Measurement System. OQne possible cbjective is ta pravide a 


a) 
to 


ees ir SSSA hae Pies eee Log ae ee toatl eth ao 
for thas objective ta be realized agresment mast be reacties 
among the variagus naval bases on the definition of yeti 


Pee yaa Ce Preecedire Tar “ab jectively"” quantifying ibs 
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Seeing Gaiie Path a naval base divisicm will likely resort 


Po the use af the etandard ecanmmic definition of Siateman UC = 
[eercy as rhe Fr atbin mr outpib bo bLnput., The particular 
Heaguce develaped will depend on the respective Herspect lve 


mf what the wmautputs and the inputs are for the particular 
naval base. CPoc nme moon Mme yy 1s qualified — aay eau Cece 
With Vitter set Lies repair person —naur, standard dollars 
preeduced/persanchaur, prafit/invested dallar, etc. 

Arsther male is that af a useful decisian tom the proagram- 
Ming section af the naval ba¢e. A preductivity measurement 
aySstemn can provide guidance ta managers as Ea where effort 
shamuwild be directed ta enhance the aeverall performance of the 
riaval base. Once ain place, the measurement system can ther 
aid ain the explicit assessment of the impact af these ef- 


Forts an the performance of the warksheps af a naval base. 


Ore carn hope that the measurement will became a permanent 
part af the management informatian decision system. fala 
this implementaticon ta meccur, it appears that several in- 


gredients must exist: 


i The system must be perceived as relevant and useful ta 
the members af the pragramming sectican team. 


: The system must coincide with management intuition 
with some acceptable degree of reliability. 
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Ay fhe users af the eystem should have Sore degree of in: 


Yoalvement with the deavelopment af the system. CRet. 
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EfPFicrency is the degree ta which the system utilizes, 
Crp 1 Cee ee tee Tt can be represented by the follawing 
SCN. G hie. 


Reanurces expected to be consumed 





Resaurces actually consumed 
Perr Ati See May acer, we carn see that efficieney is simply the 
Comparisan between rescaurces we expected or intended ta can 
Sune lnm accamplishing specific gruals, mbjectives, amg Acs 


Civities and resources actually consumed. Efficiency Car 


7a, therefore 


a 


» a measure af an organizational system’s perfar- 
mance that focuses an the input size. We carn develop indexes 
hon se cempare the efficiency of mone period with efficiency of 
another period. CRef. 16:p. 42) 

Table III indicates two categories sf productivity 
measurement methods. In the first categury of efficiercy 
measures, efficiency is defined asa ratio of ontputs ta 


Inputs. Beth autputs and inputs are expressed in terms af 


Physical wunits (e.g., number mf items, Aours ete.) or in 


A) 


AP ae as ureter acm 
Per ico) frit yo 


TABLE (11 


PRODUC (1 ey SMe ASUREMENT 


Measupenteart 


Cutput/Ingput Measures Le 
a. eit ee 1s tecay ts ma 
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Performance Efficiency ais 
Q. Engineered Star- 
dards 
A Statistical Stan- 
dards 
ec: Histerical iar Te- 
chnical Audit 
Standards 
Utilization Measures 4, 
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Effectiveness Measurement 


Gaals Achie~ed 


Quality 


As 


Be 


Process Quality 
Rat ics 
Preavyernticon (tua- 


Pay, 


ior CanfFormarnce to 
Quality standards 

[nipact (ex terial) 

a. Impact on Anather 


Cc. 


Impact 


Organization’ s 
Ferfiormnarnce 
Respansiveness ta 
Customers/Users 
Custamer ALT 
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There are alec two other efficiency measures which 
are the level (micra vs macro) and the type (partial vs total 
Tot wit, The micra level efficiency measure 16 used ta 
neasure efFirmiancy at the werk groanup, work shap divisi.cre. 
The macra level efficiency 15 used for larger organizations. 
The measurement type is referred ta whether oar «nat the 


dernmminatar af the ratio 16 a single or a multiple input. The 


Hite yer and macra levels af measurement have different 
Dlrpmses, Macra level 1s very useful fir budgeting 
Tee eat dena Even though the data for macra level measures 


are moarmnally aggregated up from ilawer levels, the grass 
measures of antput used are mat meaningful to managers whe 
want toa analyze the saurces of praductivity prablems im their 
mar ganizatisans. Many af the antput aindicatars used Li 
praductivity systems are workload measures (e.g., althori cect 


base populatian served, number maf active duty pay accanumts 


oe : wa, Lorne tea Siete ie ci rye oe] coat ale) 1 
Pen OSCaAWlse the wut put data are cembined with input dates 


a mrganizational levels above the workbshap mr division. 


Qne of the prahlems that managers of the Naval hase 


ee esti) 2Fficiency rat iim, op ipa e tele ye tcl eee eae de es asi 
mee meer ECRe inpute ta the proacess. Sd Gee ee, sii maa Slr 


Pee ovata le 1s Fixed, the camnander oF a werkehap can 
aligeatea these Hours to tasks in different ways, Saeiat vie 


Geiteal labar anput will be alsa fixed. As a result of that 


and when there are Slack periods, the labor efficiency will 


He? omar bm oases where the tne workload is heavy the lLabrr 
BTTiCLency Lncreases. We can caomelude that the efficiency 


Peele cs FUNC MaAG ons Tn wirkload which are outside the 


eal 
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Megcmicatican’s control. CRef. i:pp. 3/7- 
a. Fhysical Quantity Input and Output - Microalevel 

The physical quantity measures affer many advar- 
fages for efficiency measurement because they are rat af- 
pected by inflation, can be campared with data fram previmus 
periogds, are easy to compute and have high acceptability. 
Disadvantages im a Naval base are that the index may Piulce 
Guate as a result of factors that are nat cantrallable by 
the Organization. Ar example af this kind of measure is the 


Fialloawings: 


Number af line items issued by a workshops 





labor partial = 
Tatal Hours worked 
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the case of the Naval bace, lator partisle, are misleading. 
12) Physical Ouantity Topuwk and Out owt Macrimleyv:s 1 

Tiese kinds of meatur ee are reported in index 
rt Table IVY provides Row such an imnelex 16 Calculated 
Mt) Pi Gc ee Ge eet THe Macrn measures give much irre 
Prapmation to ooalicy makers which is wseful For budget vague 


arg plurpases, Alen, they 
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These measures preserit 


Values and are very useful in the 


most frequently used output is the 


is ett) fhe ae understandable 


Uo Compute Si mee annie (ort yee 


Wi litary environment, except 


activities, there are few 


added are appropriate autput 


gregated oantput measures are wsed 


GSitive to changes in organizaticnal 


less than the Flnepmatiarns ale 


factors unrelated to owrganizaticanal 
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fee iculty coupled with its law validity, reduces its accept- 
ability to managers. 

sli. Fhriysical Quantity Outputs and Price Inputs 

This aindex can be used on Navy ships ta measure 

the number of planned maintenance actions per dollar Gpent. 

Ry the term planned maintenance actions we mean all the an- 

proved by the ship’s commanding officer expenditures for day - 

to-day purchase of repair parts, toanals, etc. Cr that ananunt 

maf dmallars are excluded all expenses for chipyard repairs, 

purchase of fuel, persmarmel casts, mtilities, ete. Diieaieia 


military envirernment this index 15 very useful. 


Tis ae ee eo SS eet A T layed mis 
oypva ding useful intormatinn tia managers ala hie ieee 
foLetbep rs yt Po Pig ees na eee eo Ths Orice ratios are less wuse-- 
Phal ot Putt jel iic eee Sosy ee te cue ee [ver these ratios coaor- 
rie heed Fioses ES CO eT Pects oF inflation and expressed in indsx 
fet tlt, the price yalue if not a oend Datig far  atljgiemegea 


Wit pubs and Forming ef ficiency ratins unless prices are 
eyeart onal Eisai bs iF Wii) cyan energy, ete.) meed tr 
aremoduce Vhen. CRaf. Lipp. 40--44) 

(rrectiveness is the degree af haw well the autouts 
achieve the desired gaals arm how much results are mobtained 
UecaANse of the outputs. This measurement appraach assumes 
traat quantifiable gaals have been established and performance 
1S aseessed relative ta those goals and standards. In ths 
Mayy ard e@epecially in the Workshops of a Naval base this ap- 
oeaach 1S cammanly used. Very clase ta the effectiveness is 
the planviing process during which it is decided what gmaals 
Will be acccmplished, when these goals will be accomplished 


and finally what kinds af quality standards ta adapt. 


Hawever, in mnie way oar anather we determine grals, 
mbjectives, activities and wark taward them. Ti = =M@asSure 


eaffectiveness, we Simply compare what we said or intended Ca 
accanplish against what we actually accamplished. Therefure, 


affect ivenes 


ult 


iS an ommbput ar aceamplishment 196se. qc 
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Cee fe teen Pre whieh a freacuce wr seis y-~ 
Mee Si fasriis FS ss set of predetermined requirements and 


Syecifrications related to the characteristics: that determine 


‘he value in the marketplace for which it was desiqned. Tne 
keyelement af quality that distinguishes it from effect ive- 
ese Ls the eancept of quality attributes. PY Seciiiael i yo gt 


meee 15 a Specific gquality characteristic far which a 


Sreguct ts designed, Ouilt, and tested. There® are mare ques- 


i 
yi 


Loans related ta keyquality and referred to a Naval base such 
as: fre the planners satisfied with the repair af aA machine 
my the overhaul process af a ship? Will the repaired machine 
Howes iG is intended toa da? 

There are twr primary elements in the equation of 
Pimality. Equating quality with satisfaction, the quality of 
the workshop’ s matputs as perceived by the staff of the ships 
is mathing more ar less than praviding them with accuracy and 
Cimeliness. In ather wards, the quality can be expressed as: 

Quality = accuracy + timeliness 

Bath accuracy and timeliness, in combination, are required if 
yout are ta praduce quality gutputs in the sense that you are 
generating customer satisfaction. The Quality af the outputs 
oraduced by the workshops of a Naval base is dependent woo 


Five basic factars, as are illustrated ain Figure 4.1. 
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Facies Ay] F acti si ae eat, et a 

(1) Design. The quality of outputs in a works 
mf oa Naval base (i epaired machinery, Cleaning of the  fitel 
tanks of a ship, mverawll af a stean boiler, ete.) depends 
rat only of the antputs but alsa upan the design of the 
equipment required ta produce thease oautputs. Wher plannecs 
lIniprove the quality thraugh the design it doe rat necen- 
sarily mean higher coast. Far example, the design cam he 
Simplified sm that the moutputs ean be acennplished me Lyi 


fewer mperat ans. 


fhe trustwarthynese of the equipment and the fighting atilit, 
mt the ships. 

ex) Gia (Meri te Aruwather i fitted ex TG ait rene G Yt 
quality has the ability with which the provided equipment, 
cols, and machinery of the workshops can accurately anc 
reliably produce the desired outputs The selection af he 
equipment and tanls capable of both halding design tolerances 
Pee oped iy Fe Peguired wumtbouts in sufficient quantity tes 
Favarably impact costs eritical to the workshop’sS success. 


Tf the processing equipment selected can accurately and 


reliably meet established design tralerances, then reasonable 


eests and acceptable quality can be expected. Letumeegur Wwe 


Shall fave high casts. 


(3) Materials. Workshops use many types af 
material toa praduce their autputs. All af these materials 
muct meet specifications and requirements. The best defign 


coupled with supericr equipment, a highly skilled wark force, 
and a schedule praviding adequate pracess time sometimes 16 
imcapable of mvercaming the megative impact upon the quality 
of products caused by faulty or substandard materials. Marvy 
fimes substandard materials which are placed wan repaired 
machines Gan result in the lass of the machine «ar the 


hoe@matir’ Ss injury. 
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have a tremendous impact om the cverall resmw)t ant gee 
Lees obviously, poor scheduling wan adversely affect the enn- 
TormManie Wt Ce ee = arian a Recagrniezing  prrani sec 
delivery dates of repaired Ssgquipment and that insuffirervearnt 
Time 18 provided for praper processing, operating workehup 
manageneadat may, depending an the pressures applied ta meeting 
that date, take shartecuts which result in substandard auality 
being shipped ta the stuff af the ships. 

(3) Performance. Finally, human performance has 
an intpoarkant inpacy af the ormdtieed fon ven. EQuat ling eget = 
PFurmance we hall see that 1t 1s dependent wpon two factors: 
skill and mativatican. 

Ferfarmance = Skill + Moativatioan 
AYlsgim, skill is a function of the learning and experience. 
Skill = Learning + Experierice 
Qn the ather hand, mativaticn depends upon the attitude, 
ernviranment, and the payaff. 


Attitude + Environment + Consequences 


Sher PV ACs 
Ail the abave mentinaned have a Significant influnce on the 
gGuality of produced outputs. CRef. 17:pp. 114-118) 
b. Quantity 
The activities of the warkshaps, if designed 
Garect ly. create autputs that in turn can alsa be measured 


in terms af quantity, such as, the repair of aiornumber of 


mach 1 mies, the coer tanl prumescs of a ship, etc. Thee Cdn 
Peete pts lesa represenivarive indicator of how the Lrvga uit 
resuurces may be or may ome be praductive Chiman late, 
mechanical and electranic equipment, etm.), 

i Timeliness 


ie emelvcn rc silicic Ure ritt Em Serve acs at ef fou- 
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Rive tool, as they are intended, they must be communicated to 
Lhe planners of the wee kehoaps af a Naval base, or a basis az 


Peete cls fr aul toa]. Krowledge at every moment iwof 


ri 
til 


rigseac’ Uo ree 
mow @ach workehoap working has an effect upan Aow they will 
Orcacmeed, Whereas real time, preaductivity measurements tay 
fees practical, the system would be designed ta recmagnize 
and eammunimate, ta Chose planners, significant exceptions wer 
deviations from plar at least a daily basis-time mrnot to 
@axceed a periad af Bight working Hours. 

The 
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The plarmers af the Naval base after having cbserved 
of how each warkshap warking, they are ready ta set the re- 
lated standard(s) ar quantify their expectations. The stand- 
ards serve as a goal against which actual performance carn ve 
measured and evaluated. Standards can be develaped via 
statisti@gal means based upon past performance. One af the 
aldest oes used by industrial engineers in wark measurement 
is the stopwatch time study, a simple way toa see haw lang the 


tasks take ta complete by using a regular watch. With time 


study we carn measure the present level af performance. 


Ces eed terete ce aa ae tr td ef 


GcheGdiile Prete § 1 eres and far other planning and Smatiis 
Our omses. Hefoare the Eime study ponase we must create a 


atandard time which carn be used for meaturing lnereasen ir 
Cf ie ey ees otandard time has been defined by the in- 
dustriai engineers, as the time required by an average 
Woerkec, whee 1s the typical ar representative worker among all 
Coe ont here workers, working at a normal pace, tn Camplete a 
sneciPriued task waing a preseribed mathad. The average wareker 
Millormat be the best or woret worker but must be experienced 
in oper horming the job which 18 under investigatinan. Next 
noarnt of difficulty in standard time is the actual Wer eee 
and Ene methed by which 1s campleted. All tasks must have a 
starting and an ending poirt. Firraally we have ta keep in our 
minds that datermining and implementing the best method is a 
Key mart oof the productivity improvement process. 

A "acrmal pace" is anything we want it to be. [t is 


arbitrary and very few organizations wwse the same normal 


pace. There 165 m0 one riirmal pace that 15 tmniversal ta all 
mrganizations. The rnermal pace is a reflection af what 
should be performed, wat what is being performed. Other 
perple work faster than normal and other wark slawer. THus, 


rating 196 the precess of comparing the actual work being per- 
Formed with the cancept af analyst oaf rnormal pace and 


evaluating the cbserved performance quantitatively. 
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fhe oaral, f Must Ue? aa 
with the predetermined standard of nmormad 
Arather aarncept related C2 the study af time 15 
Sllowance or PFD (pereanal, fatigue, and delay) allowance. As 
toe work day progresses, workers da became tired and are less 
euieG@ to perform as they did early in the shift. iim, Giiat 
mace, the standard time must me adjusted Yc ref leet these 
peracnnal, fatigue, and delay factors. Under these canditions 
the production line breaks dawn due te the worker’s rest, 
Such as the visit af a worker to the water fountain, Se 
The PFD allewance 15 usually expressed as a percentage of the 
standard time and added ta the time allowed toa complete the 
particular task being studied. 
The standard time is given by the following relation 
ship whieh is the preduct of the actual observed time, the 
rating, and the FFD allcawance. 

Standard Time = (Observed Time) (Rating Factor) (14+PFD Allaw.) 

The first timing device far making a time study is the 
stmapwatch. But today, there are a wide variety of 
tarle, (Figure 4.2) ranging fram electronic stapwatches ta 

camputerized timing HOUNCeE that transmit the observed ar 
Girectly measured times automatically ta a processing unit 
fines analysis. 
is obvious that a great rnumber af organizations 
reasan for that is because ane of 
Ss fear. Every worker 
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the more canman prablems is the warker’ 
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rist wee Be) ees ag ae tie veetSar, toe time 2t od ca 
conducted to set the standart ime wed mead Win jude es 
ability cr Gee ei The first step in the orccediitee tie 


setting standards is tne select lise iP Wie jest ee ee 
Thais 86@leetian will give the direction of how the davai 
es Col leo eure During the time study the analyst should learn 
az much as possible about the jab before performing the time 
Be die a re 1S alsa include information by Palin 


mather engineers, techrialagists, and analysts whoa are familiar 


“11 ieiies cee An inportant part is that every job must be 
vheerved under raormal oaperating SENG) eel tal oa Jobs can be 


dividec inte. elemants for simpler analysis. 

There are twa methods ta record the time study data. 
The First ome 1s the cantinwans method in which the (ote 
lectiean ainvaolves starting the stapwatch when the study 
begins, and allawing 16 to rum umbil the study 1s cumplete, 
and the secend ane 15 the snmapback method ain which the 
analyst resets the watch at the end sf each element. AL) 
Gata about the job are collected on abservation sheets which 
are then analyzed ta derive the standard time. This standard 
time can be used as a base to measure increases in 
produces ivity, as a tool to develap standards for ather jabs 
that are similar tea the one being studied and as a tao] far 


preduct ion olarning.  fRef. 9103 povwets4 a 
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The planners of « Malet) base Mile Chmmoce fine ee 
propriate method ta set tne tmerfornaance standard(s)., Thais 


are a latoaf jobs where time study 1s moat the productive way, 


Een geb stardards. Puls iebhood 15 mace useful in setting time 
Standards for (9De where the rmumber Sat tenet it ici eee 
ee ate roy nal reason work sampling 18 anmather way af set- 
Lamg tine standards. 

Moye ke oc Barmpling, mr amntavity analysis, 1S the proaceeema: 

making sufficient randam observations af an operatur’ « 

Mtavities in order ta determine the relative amount of time 

Phe weer atur spends on the varigus activities associated 

With the  JeobSme Rete 0): oe ee 
The matn goal of work sanpling is toa determine how lang, my 
haw many oF the work hours are spent on specific types uf 
wi ie Wark sampling may identify that many sperators spend a 
large portion af their work time on ather activities that are 
mat loludec i their iia 

lf we are Janking more closely ta the definition of 

work sampling we shall see that it reeds some explanations. 
One of the mast impartant things in statistical thenmry is the 
2 il) eet Vee eric y , ar the cuancept that the larger the 


Sample size, the more accurate, the results will be. Miuchaatent: 


mur knowledge concerning the world we live in is the result 


uf samples. Quite often the conclusian we draw fram the 
samples are nat accurate. Hiiawever, in mast cases, the con- 


Clusignms are more accurate than if na samples had been 


mabserved. Our pracess of forming caonclusicns may be placed 
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quality of &a workshop we have to observe each worker tetas mfg 
ait infearmatian about the puapulaticn af all workers. 


lkgsually, this 16 impsmssible ar impractical, ac ornmly a Ganole 
mei clit, feaitlatiom is mhbserved. CRef. le:pp. e111 
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taker at randam times thraughout the work day. The iwaridicun - 
Mess of A sample give us better results. Ry the term randan 


We Mean that Geach of the poesible samples was equally likely 


he be rspserved. Often an investigater already lersws that 
Shere will be an effect; what he wants ta dm is tm Getimate 


Lts magnitude and calculate an interval within which the trus 


Peete Aligast certainly lies. Such an interval ist called corr 
Fidernce interval. Cann confidence levels are .10, .0O3, and 


~421 which mears, based on aur analysis af the werker’s 
antCivities, we believe that cur results will be accurate FO, 
eee, 22 Fines cutest dbO.eebRef. 10cspeeel07) 
If an operator spends less time performing a par- 
x 
§. i r am ra a aan ae 
cee) ay tas k, the analyst must take more =abservations to en- 
sure that the task is measured properly relative ta its use 
mf the operatar’s time. Table V indicates the required mum~ 


ber oof wabservatieons which must be taken for 95 percent can 


fidence based om accuracy, canfidence, and the expected time 


gitar : te tame ae Wryey oy er ak ss Sper ees me = a ee eee y 
estimate le the persentaqga af Lime soeant oerforniiag ai aar- 
CLCULAr ACUI VY 1 eee cr ee. vee 10% are the levels mf ac- 


muragy that are used when estimating the persentage af time 
Gepie vit Gage eat ae 0) cate ete te ges oe 

Curing the work sampling study the ahalyst mist eave 
Sane guidelines as fir example ta establich the ebjective af 
fhe getudy, ta identify the penple performing the task, Gua es- 
hRahlaish the time periad during which the study will) be 
Calenetem E ecde arid, Finally ta define the activities that are 
peartormed by the perple under study. When the analyst all 
the necessary elements for his study he has ta Summarize them 
by calculating the percentage of time actually Spent on every 
Dartiiciilar taser. If a standard is ta be set, this percentage 


if compared with the osutput for the time af study and the 
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Fame per unit of autput is calmulated. 
Str Systems af Standard Data 
There are many jabs where we cannot set standards by 
the time study procedure, and the reason 15 because there 
are rat available enaugh time study time analysts. Ir that 
case it 1s desirable to have a standard available system far 
each jobs In the workshops af a Naval base there are a rium- 


ber of different outputs, many of these produced in Similar 
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The methodalogy used to deveiop standard data fae 


tems car be summarized as Fal lews: 


lies Tie Firek thing 18 to develap a data base. Onee the 
datéa are eaollected then must EGummarized. Elements that 
desorine ogimilar operatians must be identified. Tnese 


@lements will be used ta determine any relationehip. 
The elements must be divided in variables which depend 
Wor certain characteristics. Ae characteristics 
cnange, tne time for cempleting mperatican will change. 


ewe Next sten 1s calculating the average base time which is 
lhe sum af Ehe average Eine allowed frar constant 


element. 
ee After developing the standard data system we must plat 
fhe date and see haw well the standard data 
relationesn Tpit s tin Chemebeeet trier. 
Pro Belmore understandable the above mentioned pracedures af 
how the Data System is canstructed I am giving the fallawing 
exanple for the boiler-maker sectian which repair the boilers 
mf the destroyers by farming the tubes in the appropriate 
ehape which vary in the inside and the sutside diameter. The 
yivern hours for farming SOO tubes are nat taken fram real 
emmditions but anther wants to explain haw the procedure 
works. Table VI shows the characteristics far the various 
types of tubes formed by the boiler-maker section as well the 
direct observation stopwatch time study values for the time 
reguired to form S00 tubes far each type af them. For the A, 
Eee D types the thickness of metal is 1/16" and far the E, 


FF, & types the thickness of metal is 1/8". 
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Since twa variables are involved it 15 impractical, 
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to plot the time as a Function of each variable separately. 
Figure 4.2 shows time platted versus the inside diameter and 
Figure 4.4 shows time plotted versus the outside diameter of 
all types of tubes. AN examination of these two graphs 


reveals that the boiler-maker secticgn needs mare time te fearra 


the tubes as the inside and sautside diameter increases. ie 
is appropriate ta say that time is a functicm of the lrniside 


and the outside diameter. Scametimes praducts have many ele- 
ments in conman, as for example in the case maf tubes, the 
thickness or the inside diameter. In that case standards 


set must be mare productive than the standard data. 
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Figure 4.3 Time vs Inside Diameter 





Figttwe 4.4 Time vs Outside Diameter 


Cie 


Arestnier way To set Cime etandards without using stop 
witeom time study is the use af the predetermined time stand-- 
ards which are designed for a wide variety af applications. 
meue systems are also designed with the spenifire object ives 
wp accertaining labor costs and ways ta reduce them. iaec. “1 s, 
dure by finding the vest way toa do the work, anid determinicg 
the roaacmal time required t2 perform the task. The prmcecdurve 


rn time standards by using the Predetermined tine systems 
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i 0CU aaa 6the same, One mt the major advantages is that the 
Wwerksehogs may nob have daveloped their own data bases. 
Generally, predetermined time systems, such as Methods: Time 
Meanucemnent (MTM), Basic Maticon Timestudy (CBMT), Wark Faetiar 
CLIF ) , me othe hypothetical Always Fair Times (AFTWAYS) are 


teams that can be used ta set fea riiGe starcdards 
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Serer kers Working at A narttal pace. [Ref. 10:pp. FeG-230) 
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All these measurement procedures which are examined 
Ewa fT , have evaluated the preductivity of workers based umn 
the time required toa camplete a specific job. Anather way tu 
measure the wark of the individual warlker, 1s to measure the 
nhysical energy expended performing a specific task. Nerds yes 
Case we can measure tatal oxygen cansumptican, arid variations 
in body temparature and heart rate. 

Newest methads have shown that these measurements are 


strongly related with performed work. The objective af these 
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fy, Poe towe ide AMER PR DUCTIVITY CENTER (APC) MODEL. 
fp eritioned in Chapter IV there are a wide variety af 
Peri CNes LS Measure the productivity of an organization. 
Yhrese productivity measurement and calculation methods an the 
mcqaeniezatiorn’s level are either extrapolated methods which 
are used ta determine productivity indexes mr rules-af-ENumb 
developed within the organization. The mast traditianal 
Ormductivity measurement madels are a "partial measure" only, 
Pein) other words, they refer ta the fact that labor is the 
mmly reference ta which cutout 15 indexed. Pap that reasan 
the American Freaductivity Center (AFIC) has wundertaker the 
Fask of develoaping a total praductivity measurement nedel 
eiii.ch ineludes all the aunputs which take place during 


meee ey Lisi, such as capital, energy, and materials, as well 


as labor. In the workshaps of a Naval base By cansidering 
all rputs we car emampare the relationships if 


Lnereasing/decreasing the different inputs and praductivity, 
Fire example, the replacing of the input labor with an invest-— 
ment in new machinery or electronic equipment. 

The APC preductivity neasurement madel is a pewerful tool 


im the hands of the managers and can be adapted toa ary 


Soarieal Lor. The model proavides indices which relate per- 
fiornances between two operating pericads. The indexes which 


aru tebang plate gr pemductisity analyege freter fe on 


Cween Outputs and inpulbs in the current Geri, arid i eee 
ivi an initial 2" bese een id. American Productivity Center 


"measurement model uses three indices which are: 

ee The. Price Rae ee 

ee The Pricing Recovery Index 

ae The Cast Effectiveness Index 
All the results of the moadel must be placed under” nae 
af variance wher oansidering the money cantributian of the 


eesmurseas used. CRer. l9:p. 41) 
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In the American praductivity Medel, the oOrscuct ieee eee 
dex relates performance between twa periods, mr relat cs meni 
put to input ratios in a Current periad ta mut pit eee 
ratias in an initial or base period. The product 1Vi Gy eee 
Mek a base period weighting, mr Laspeyres, and the referred 
muamtaty rations used are price-weighted ratios ratner than 
physical ratins. This relaticnship 1s shown im equation 1. 


Current Ontput Quantities 
Rase Qutput Quantities 





Briaductivity Index = 


Current Input Owantities 
Rase Input Quantities 


Mathematically, equaticn (1) can be represented as equatiun 
Cia 
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Pimms ly Y eee inl CASS mer iid 
Pee to ee he i Current periad 
M5 = Input quantity in base period 

Cee ee IPG CLA @nGy Tiree rerte per iad 
BP,’ = Ontput price in base period 

Py to = Input price in base perind 

OQI% = Laspeyres mutput guantity index 
QT' = Laspeyres input guantity index 


(- = Peoductivity index (Period 2 ta pericgd 13 bre 


ee ieee ONG ReCcOVERY INDE 
Pameeiha | HesOMetTIvViny wWidex tthe pricing fecavery index 

reflects changes in pricing recovery caver two pericads. The 
einer eGrveyy Index NSeS AGEMrrent period weighting, oar 
Faasche, and shows to what extent the organization has heen 
able to absorb the increases in prices of inputs and there- 
ford been able to combat inflation. This relationship is 
fever by equation 3. 

Ciirpren: OUT put Price 

Rase Output Price 

a Recovery lide = —————————_—__ 3) 

Current Input Price 


Base Input Price 


Mathematically, equation (3) can be represented as equation 
(4A). 
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where: Fu = Output price in base perind 
FeY = OUT BPORE Serres in Current sented 
Py to= Trput price in base perind 
Me! = TriputGy price 1 (eee mite e | enc 


Get’ = ONG SNE eiant 1 Cy 91 ieetiererit per iene 


Ge' = Input guantity 2m .emterernt sper mac 

PTY = Paasche Output price index 

Pr’ = Paasche Input price index 

R = Pricing recavery index (pericd = tm pei ecu 
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The cast effectiveness index relates value ratios af onut- 
puts to value ratiss wmf inputs for the twa periods under 
CoVisldera lant. This index reflects how costs firor the current 
perisd campare with a enst relaticon-ship established far the 
base period which can be seen as the ideal cosets. In other 
words, this index is given by equatian (5). 

Current Output Valise 
Rase Output Value 

Coast Effectiveness Index = —_—-—-—— (ay 
Current Input Value 


Base Input Value 


The mathematical expressian af equation (35) is given by #qua- 
4) A Cire ea ee 
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where +: Fil = Input price in base perind 

PaO iplt Prtece im current period 

Pup neon Current pericd 

Or’ = Input quantity in base period 

Coe Moi oMaArititgein current pericd 

GeY® = Ontput quantity in current peric|ad 

YIY = Output value index 

YI' = Input value index 

te = (Imat Effectiveness index (Period £= to perigd 1) 
Ber oetmie< als, can be represented as the peraduct wmf prndie- 
Tivity index and Pricing Recevery Index asin equatian (7) 

E= FO K R (7) 

arc, shows the rate af change in casts relative to c¢ales. 
The interpretation af equation (7), MSs (UIA, 1F sales 
reVENnles increase at a greater rate than costs the index will 
imocrease, and if the sales revenues decrease in a slower rate 
than the cast, increase, mar remain canstant, the indéx will 
decrease. The setting value mf these three indexes is the 
img Ys If the praductivity shows an increase aver the base 
gericgd the respective index will Nave a value greater than 
one, and if shows an decrease the index value will be smaller 
thar ane. If it remains constant the index will be equal ta 
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Irn addition to the cal@ulatiar “9 toe ary ee 
Anerican Praductivity Center neasurement motel peovides aise 
& Variance analysic. Generally, the productivity ~4r 1 eine 


rae difference belween bEhe change in quantity af bFne oeoduct 
and the change in quantity of the rescurses twused. iia 


AoaLYSLS 1s very unpertant wher cansidering the nominal value 


T andividual resources weed. Then the performance of each 
Blenarnit msec, im relationship te profitability 15 expressed 


LY) Sina 
The model pravides three types of variances. (eo Tien 

mF Een 135 Ehe productivity variance which is the difference 
between the change ain the quantity of the praduct and the 
marge ia the quantity of Ehe resourses used. This is agpes. 
resentative indicator which shaws the attempt af the manayers 
af werkshops in a Naval base fa attain the setting goals. 
This kind of variances is defined in equatian (7). 

Priaductivity variance =r = Vi eee Ss ee (7) 
where: VIY¥ = Ontput value index 

VI?’ = Input value index 
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Value af an input during the base pericd 
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C, = Cost effectiveness variance CRef. & 

The secord type of variance is the FPricirg Recovery 
Variance which is the difference between the change in the 
price af the preduct and the change in the price of the 


reSaurces wused. In mther words this information shows of haw 
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Pettey VA TAM 2s derined Li equahicn (8). 
Reese Recovery Variance=Ce=Vi' (VIY—-YVT')-Vi't (QIY—-M1! } 2.) 
Sewieee sO. 196) 

The third variance 1S the cast effectivenses variance 


woich is Ehe difference tetween the change in value of the 
preaducts: and the change in the value of the rescurces usec. 
fis vVarlance dictates of now well each resmurce used cin 
Tributes tw. the attainment of the oaverall gquals of the 


Sreianizatl is. This variance defined in equation CS as 
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Cast Effertiveness=Csa =Vi' (YVIY-VI't)=V,! —\Ja ! (3) 
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whereas VIY = Qutput value index 


V~I?t = Inout value index 
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AA = Value af an input during the base pericd 

(eA = Cast effectiveness variance [CRef. <O:p. 198] 
The pricing recovery variance alsa, can be calculated as 

the difference between the Cost Effectiveness Variance and 


the Praductivity variance «ar, 


Fricirng Recavery Variance = C3 —- Ci 
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The American Praductiyiby Center measurement model can be 
mein? a. 2 bagsie to Build &@ model for the workshops af a Naval 
f4a38 using the following weasurement guide: 


dee ve mst 1derntify the goals and objectives of the 


vem k sricios, 
en we must determine the avallable elements of inputs. 
We must dafine the outputs to be. 


4, Synally, we must formate the model. 


A. DRJECTIVES (OR Wie We Roane 

Im this section we have ta determine accurately, what 1¢ 
fhe worksehonos af a Naval base expected ta dn, what are the 
main mbjectivese that the workshop must accomplish, Lie et cles 
en preach 1ts guals, and what are the rest af the sbjectives 
ATIC Ficivd these are related team the mally mnie s,. 


ee Mwarkshap's Maintenance Gral 





One af the primary geals of the workshop is to 
Oroavide maintenance support ta the fleet's ships, int Sieh 
way to maximize the ship’s readiness and availability with 
respect to budget and time constraints. By the term ship 
readiness we mean the ability for all systems (machinery, 
eBlectranie equipment, etc.) that suppert the mission «af a 
Ship must be fully cperatianal. In mther words the chip 


readiness is the probability that the system is either 
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ability that every ship afr the fleet will oanerate - 


foapally at any giver time. The availability of a ship cai be 


eavormeRagied ap the ratio between the M.7T.B.M. (Mear Tite e- 
Seen Maintenance) over the sum af the M.T.B.F. (Mean Time 
Pistwear Failure) cle ee ces Ls 1 (Mean Deswer VY ins) ae 
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ieee I. DST. 
Eta So jectives of Werksmrps 
There are two main abjectives of workshops in order 


fer Waxinmize the ahip'’s readiness and availability. ihe. fips. 
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cries a1 the maintenance effectiveness which is the variable 
mae tofluemces sniio’s reliability and readiness, arid ttre 
eecnmd ome is the number of ship’s iInepectians cancernino 
nachinery, @lectranic equipment etc. lfi A given period af 
Cou ries. Ta reach a high degree of availability a workshop has 
Bo attempt ta increase the mean Time Between Maintenance and 
decrease the Mean Dawn Time. The M. T.BR.M. 15 affected by the 
Hraventive maintenance which has standard intervals af time 
depending upon the different types af inspections af the 
Snips. 

The ship's readiness deperds Lapar the es 
Petabdility. Ship reliability (R) is the probability that 
every subsystem af the ship will perferm intendec function 


ior prescribed fime under the stipulated Gna Weiss 
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Cone moet guibaystems af the ships 15 reguired to keep the rate 
nj Failure aim iloaw level. Ears the rate mf failure deperds 
Mor Ene guality and af haw the systems af the ships are new 
Sige Veen 


Cener Workshio 
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Tr addition toa the main ebjectives af the warks 
we Fave allen the following: 


is Parsarnnel require cantinuens training aim iarder ta 
malmtain a High performance level. 


ie The safety systems must be kept in high standards. 


The quality af the end preaduct must be continucausly 
impraved. 


tJ 


4. Each workshop must imprave the utilization af manpower 
and material. 


sales New methads must be investigated toa make the planning 
and scheduling of mainternace wark better. 
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eee ee rm he eee Se lsat lude all the Aerie, 
ery) | 6 6lriOuesS Poo tie at A Petr a CilaAr prircess. lanl & 
Braces carn have any rnuinber af iripute, Fighre @& 1 eshaws 4 
Pee a eh A eaSseible munber LF inputs which are cansidered 


See redler ivity model. Bath inputs and cautputs must be 


MAaasuced in Che same units sa that the ratio of thease tua ve 
Meaning iul. Dre bine Pollo nge seetions provide an Exam rat ior 


See MiSeussiom of Che major inputs. 
Ie [eculaiatte 
By the term labor we darn’t mean anly the workers af a 
werk snoop but alsa the engineers and planners, namely the 
Haale basccire be Pose (er In ooorder toa measure the total 


Mommduct iyity, fhe tatal labor frsaree must be ceansidered. 


Therefore, ct 16 better ta use manchaurs as the labor-input 
IM pre rit There are twa types «af marv-hours to be 


cansidered, the “regular man-hours" and the "avertime marin 
ipantrs . The first mame 165 analyzed into the following: 


ive Pay card man-hours accearding tc which the emplayees 
receive their regular salary. 

ea Assigned machine time man-hours which are the number af 
man-hours that a particular emplsayee is assigned to 
mperate a specified machine. 


Actual machine tine mar-houes, fates the man hairs 
actually spent saperating the machine ta which assigned. 


a4 
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aye nena gente at Fc hie oad af 1 1 ee, Rane pakke te wil 
workload within acceptabie Jl.uimites. 

[rdependently af tne abuve ideterminaticnm ieee 
Perna Gar, te (i vee rc te eee Che Pures eae 
arid the wroelked hees. The first categury includes sl Pei 


worked by the workers plus the mat worked Hours but paid fry 


Slt) aS wacationms, sick leave, e2tec. The secand categury in- 
Clides all Rheaurse at scheduled wark, rest peri\)ds, 1 ace 


eA K, wh. , nanuely cavers the whole scheduled work time iH 
Which the warker 12 working ar reat. 

The preferred labor input in workshops 15 the worked 
hes which reflect ain same way all changes in vatation 
Oreictices, The records of prafessicnals, exeBcut ves, arid 
miher emoloayees da not reflect overtime or temporaty absenciss 


Poon CNnele Gites, although some estimates must be made. 
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Capital is ome of the mast important inputs but alea 
difficult to measure. When we are referred ta the business 
capital can be censidered ta the halding af a company, yn tal 
Fangidle and intangible. Fiore the acesunting area capital is 
cavided into twa categories the fixed and the working 
a Wee By the term fixed we mean all these elements such 


as buildings, machinery and electranic equipment, taoals, etc. 
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Figure 61 Considered Input Elements for the AFC Madel 
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One oof the easiest MMPUt Ss Co Che manuf aati 
crmmess 15 the annual canpubatiaon of the expendes av 


materials. The types of materials used depends upon the can- 
sidered industry. Especially in wearkshops the term ticludes 
all] the @xpencditures in sheet af metals, oil, Yrease, pnipes 
mF difterenkt sizes. The ship’s maintenance alsa requires 
Special parts in machinery and electronic equipment, tyPiice 3 
machirery Buch as pumps, braLrlers, electramnic devices which 
ari purchased fram suppliers and ecavered under a warranty in 
A psnecific pericd of time. 
4. Energy Resources 

In taday’s ecormcmy, the energy cast 15 ane of the 

largest expenses af an oarganizaticon’s operatian. (nn Tie eee 
e 
( & ) praductivity model the tatal energy ernst comsists af all 
ensts depending wr the different energy sources, specially 
for the workshops of a Naval base the energy can be divided 
tnt twee areas: the electrical cast for the lighting of the 
workeshaps, or for electric drive machines ard other powered 
equipment. Fuel refers ta the aperating cast af the ships 
curing  cheehw trips. vehicles and trucks, and ather griailiige 
equipment for example ta generate the heat for tne Dburidinys. 
2. Miscellaneous TIriputse 
Anather big categury of the inputs is the miscel- 


lanecus expenses category including all casts which arise 


anples fram that cabegqu. ; Pee st eet eee hi he CP AUR ak 
aquloment mawmmteriaruc, bo ie 0d ata g@ oof some marta oF the 


ae oe eee Glial Gos Tiere lormanes anti teletypes, ta the 


mr Paice nuoplies:, ete. 


ae Pepe! ION OF OUTPUTS 
SMe ewe Ott: much be considered very carefully just ae the 
HWeasurmmaat of the lriputs. Sine there 135 a Wide variety of 


Petts the first thing that we have ta da is ta determine 


Pees ye apts af aur orgamization are. Pigtre Sie Shicws 
eepic MT typical outputs ir a Manufacturing organization CRef. 


ea. S30) Especially, in the workshops af a maval Daze the 
mutT puts must be the pravided services ta the fleet ships. 
These services are required toa maintain wartime capability of 
the ships aim high level and are performed accarding to the 
manufacturer's maintenance plans. These plams give direc 
tiome for many inspections in such a way that all systems of 
the ships under and aver the sea level be maintained im good 
Sec 1m. 

Game af the varicgus services that are provided fram the 
workshop facilities are from the simple phase checks af the 
Hull af ships by raising them enta the wet dacks, Moe Git 
neavy ones which require some replacements af the inner and 
LLG Gr metal surfaces, borler’s tubes and WUC, Vad Garters 


inepectians, measurements an the main turbines and ather 


Glecc 1 crmic equipment, ee os All theese  Gebs are “Chic 
regular periads af Sime ad acOnr oie ea ae eee 
“pecai filcaticnne are fseondar de. 

Ta out all the above informatio gmt orca ruet 171 ty eee 


rhe first thing that we have ta do is ta convert all these 


Pidrest Cee heS 4 bay aie = This task i5 extremely hard hecause 
the walue af materials weed, changes day by day. (any 
avanple, in the procecure af performing the repair of A par- 


total cost corneists from the cagt jaf the 
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el eetrs 
mechanic's laber plus the enst of tne new parts and materials 
wiiech are required during the repair. Statistically ime 
yreeat percentage af the autputs consists fram the above men- 


tinned campronents, nanely, labor and material. 


De: SUMMARY 
SuMMAarizing the camponents described in secticm BR for a4 
Navy warkshoo facility Such aswieap=: . Material, Capital, 


Cinergy, Miscellanecus, are the basic inputs which must be 


measured and be “used iv Preagnet Lyi y measurement 
CuMPBM tab maKisS. Our attempt should be the inclusion of all 


omssible inputs which are gaing into the workshap facility 
prmecess, Since it is very difficult to eansider all inputs 
Fram the major anes to mirncar ones, any deletion that have 


beer made must be ma substantive in the camputaticns. 
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General Camsidered Output Elements fir a 


Productivity Measurement Madel 


hand the 


mubputs as have been mentioned in 
caonpased fram twa different elements, 1 a Fun 
The first element consists from the tasks oof 


pawer af the workshop facility as mechanics, 


and other personnel. The geal far 


to measure each task and converting 


them into man-hours equivalent. Also assigning ta each af 
these tasks a dollar value we shall have the toatal (ea fer 
cmst. 

The second elemerit iene latecd eta the cantripbuticon of 
material toa the maintenance task. This element can he 
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derived By ebtaining One average st ramets -arwais ieee 

jobs ocerfiarmed at E tye Bera ae tee, amd LAe@ decimal mme Ls 
carerred fa werhaia Lasks which are contracted out ny the 
Te a ie The cambination of these twa Glementss proavide: the 
Woe Shap Matatenancne farility' 5s qutput. The firal pric ieen 


whi Facility 165 a renairved ship ready far trip. Cert aires 


Shisre are aleo hundreds of ather tasks to be accomplished in 


moder toa be @ shin ready far trip. Figure &. 4 shi tiie ie 
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Navy workshop maintenance facility. CRef. e@i:p. 60] 
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Figure 6.3 Considered Output Elements fir the APC Madel 
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VII. CONCLUSTONS AND RECOMMENDAT DONS 


ee ros ome it oe oe 


(AV, CeVeCeyslUNS 

Fis Stated im Chapter TI, the purpose af this thesia was te 
mete y Tile Meaning oF Praduetivity in a tiilitary environment 
Such as a Naval base, Ta present the mast apolicable produc 
tivity measurement methods, and ta develap a general measure 


ment model which could be easily adapted to the purposes of 


fie Wor vss. Ehapters Ef, through V focused on the above 
mentioned objectives. This chapter summarizes step by step 


Coe major canclusicaas fram the preceding chagcters as some al- 
ternative methods for inereasing Pika iG UG ee Gy? Li t hye 


workshops af a Naval base. 


i. Praductivity measurement pragrams at the wor kata 
which wneorporate the cancepts of efficiency may lead ta the 


Susi that Impravements are being made whan ef ficieniy, 
Liiprovements are being made at the expense of effertivenes:. 
Qn the other side, if these pragrams incorporate only the 
mone pt of affectiveness, they may fail to cansider casts fur 
achieving the levels af effectiveress and may cantribute ti 


inefficient use af resources. 


The werkshop productivity measurement model shanmld arn: 


rs 


Qlude@ multiple measures of efficiency and effectiveness to 


aesgure that these facets are both adequately covered. 
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aemduchiavity measiires . 


Ae EfTTI Ceres ae 
tA. ce Pa | Mara ata ns ieyeyiat: 3 Se Py Pea ‘i a eA 
V/s en Aa Leese, Les ol dele ees (aan agead ir CS 0 Ae aes 


oellars. 


thie rvatinm mF outwab @. presen ml 


a Gutality oof Parvforterwe as the rumber of erinars, 
miiniOer PF Gh esc Cte eet mampar acd ac 


St Alice ei cee sie ey ae 


cm Timeliness lm terms of processing bine compared 
Co the stardard time, 


aa Performance C[mpact wf the workshap Starr, AS 
the avarlability ar ale necessary equipmernit , 
safety during the werker perfcrmarnice, Ce see 


Qualitas, Sic. 


Efficiency and effectiveness measures are mast useful 


tney have as nany as possible of the fallowing charac- 


Ler pet yee vance ae teoes 
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A. TRe measures must he complete. Namely, they miuat 
mover all facets af the workshop’ s mission. 


Bly They must alsa be comparable during different 
Eilme periods. 


i. The mutputs used ain the efficiency measures must 
eover the inputs used by the workshap. Far exanple, 
if one of the primary imputs 12 labor, the cautpit 
measures shoauwld cover the obtained results fron 
Qll worker mutput. 


Gl The measures alsa must be campatible with the ex- 
isting data saurrmes rather than require the cuol- 


lectican of mew data. 


e. All measures must be acceptable fran all members uf 
the workshoaps whose work ontput 1s being measured. 


There are alsa same other characteristics which must be 


contained in a set of productivity measures, such as the 


Yalidity of the measures, the understandability between the 
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El MPL ICATION IN WORKSHOP MAINTENANCE FACILI T? 


See o la Lito er plam fi Inprove prmductivaity in 


Wworkshoos, the following basic steps must be recemnendsad. 


We must determine the workshop goals and objectives. 


we Mave tu identify Che components that have tu be 
ee ecC eet so mt iG 


Vem e aii Seatect The iaiis tes measure these ealenents 
mye !) GimMpliry wine model application with respect 


[Meteosat tal oA aS 


eae enave La framuiate the madel by representing the pra- 
ductivity ralationships. 


l.aect, we must provide an analysis af the madel’s antput 
arid interpret the results. 


Pe veastiv ing Produce ivity air abjective Te primarily one 


Peiiipreving  proaductivity. Any praductivity measurement 
wedel is a decision suppart tool. Li eed identify 
Baer GCN 1 ri Sy UVa S Ty tsi I bi Cmrr ect brenr. A 


Successfil praductivity measurement model facilitates the 
analysis and draws our attenticnm toward the carrective = ac~ 
tions that have to be dere. 

Tap management support toward system improvement By coam- 


mitment to lang term goals, based an research and development 


TY Or RMS , Will increase productivity. The management af 
yc kehoons have coanteoal aver any praductivity impravemernt 


Drvigrceaaf, and must be realized that any investment either in 


Jie, ‘Firion $75 ag? 07 oe Tie yebt-eg: Bae yh eat | Piece en eat 
equipment will have 1s troduch i -e cmealts, ei, Lind te ee eee 
variance Dy i bane ios will Ge the key for  futin-e 
Limpravenents. 


By keeping clase tt. praduactivaty and oot effectiveness 


Lrivdsese crt caridpenss , “elie (leer ead ae See een Lhe madel enables he 
wor kehop facility to study these changes and focus management 
OGM EMS Ss ae Spee taney Lace Fain ob hese LriPuUts, Cee 
Gun dlusions can De drawn about The warkshap’ Ss process creer 


YEne2ss and can su direction and action managenent 
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days mr ioivestigation For the management. 

Trerease ain labor ensts may alex canze deteriogratiaon ir 
Che oreducstivity index and/or cast effectiveness index due ta 
an ancrease of workers needed per ship averhall and/ar rining 
wf wages. Organizational management must be  ceancerned in 
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Jaabor praductivity i impravement an arder ta offset wage-rate 


Lliritcir ease 


tn 


Ar increase in capital ensts can result in deterioration 
ST) ie ene toate ae Such increases are justifiable anly if Ehey 
are offset by an increase in production efficiency, resulting 
tr mubroput expansion. All capital requirements will he 
reduced aif we decrease inventory or aif we increase the 
WELL 2 aAveewabac ity. In arder tu maintain the warkshap cust 


effectiveness level, the price af capital depending «oan the 
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Ses eit PC esti teh ieee k Tt) ot. INnaterial costs 4 
Naragement makes pame camntral over Uhe spare parts srd sup- 
es at ea Wee Carn fay that materials weed constitute 
ee Soe aA gs 6 Op rduehivity Levee x 
Beer Str it Ran emma to © erin T ae! cA itl, LPF We Ditters the 
mabe i als fuconaced prices we shall have a deterioration in 
ee. tL effectiveness index if there 12 mo parallel inerease in 


ie sa ,sbeis repiacement mast. 
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etic. Levis tf the energy cansumption 16 unreasonable we 
poall have an increase af preaductivity and enst effectiveness 
Lychee yes, Tis can be mffset by an lnerease in energy prices. 
gravy fnat reason one of the primary cancern af Che vaacloshap? s 
management 15 the mrientation tea ather alternative sources, 
meet, leionps 36--59) 


Tndependent of the abave ways there are mary ather ways 
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Poifreving worker productivity. The mast well kricwr among 
these methoage, which have been develaped ard implemented With 
some degree of success, will be discussed. 

es More specifically, job design is based on the principle 
af designing the jab ta fit’ the person. Beg ormimves term Tinian 
Facturs, is an appreach, which emphasizes the physical work 
MesciQaeciat smolild lead ta increased productivity. Sut 
hefore we proceed ta the design and improvement there are 


Mary questions which must de answered. Fitr @xanple naw muuch 
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ies ORES Peer eine ele ee hog C2; es aris ite Ene Fe 
ity (2 ae Nee ees What equlonent bu recduirwn, hiv we shall prea 
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the operatar fru tite Wer Piri eins) eigen ee ee ACSC es 


chist or qparninies oancect there are three camnpanents ta the mast 


cP Pe: yobs, 
Re Piret, 1i& the worker productivity wWhilGi ieee 


Gividead inte actual work ef fileiency (ral ivr eee 
ere = AMD fans) enticed pita physigleagical efficiency 
(me@anuee@ of the physical work required to complate 


cat ie en = HK ) ts 


ll ceezercuricd , ee eee gafety mf the workers. Hamer 
Facters Eey fa inprave cafe vain k reguiations 
because duing 2 Will impreve the current soroducti-— 
eles 

nae Third,.1& Che wWiirber Sait iis It 185 unquestionable 
That waekercrs tend tear be able tia greduce mare wher 


LAY Are Wer ha me ) 11> Gein be 


fm addatien te the above mantioned camponents there are 


wheres which help te imprave worker Praductivaity. oe fT Goa ee 
hye are physionleagical measurements, Che carrect cdeSi Girne 


Che workplece ancluding the design af tools, equipmerit, the 
Laineevenent af the working environnent by preaviding adequate 
11 Vii rie G leone cantrolling the noise, the temperature, the 
PUL Ct tes oe eee 

eae Another goad mativater ta increase worker productivity 
is the ineentive af money. As we have defined earlier stand- 
ard time is the required time that the typical worker, wark- 


ing under rormal canditions, has ta complete a specific task. 


The worker whoa carn camplete this specific task in less time 


38 
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eee ke ts Ale Atal fir waarnagewmans of work sree Lo. 
Be willing t2 reward the mare proocuuctive workers with mare 
than typical wages. Im such a Way we stall have sume li- 
Pics ln productivit, because of the effart of every worker 
Res pe mores edict ive, 

Where is aiso another new cancept ain the praductivait, inv 
ei yemencG Press. Vii ere Wied ire ace imem trite bc 
Peete Wart stiop & altenpts at improving praductivity is te 
alliagt workecs a mare enjoyable work @nviranment. 

he Poaepecial type af a quality work life program is the 
pee emer ol oerele 6 6WnIeh 6 hOCan be defined as a group of 
Workers wri meat for a period time every fifteen days or 
every  narcbh Per GL ecuss Eheir problems and find salutioans to 
thera, These meetings aim to effect impravements in product 


Ct. 


Meal ey, rescuer ivity, metivation of the workforce. They al 
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dive workers the opportunity to influence decisions ateonut 
misery Yiscrs lk , managemert - amplayes relations and they pramote 
training in problem salving. 

ele Anather cancept clasely related ta the quality of work 
Life proagrams is flexitime which allows workers ta set their 
wer Hicirs. In that case A mirnimun of working hours is 
required for every week ar morth. This system gives workers 
mace Freedom and antonamy about when they wark. 

ee Job rotation is ancather technique weed by arganizations 


ho attempt to motivate workers to increase praductivity and 
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